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Executive Summary

mE

> WHAT IS SuperCurve®?
SuperCurve®E X

SuperCurve® is a software and data tool to help traders, market makers and brokers stay
permanently updated on the fixed income securities market and assist them in their
trading activity.

SuperCurve®& — K [fl E W st BAL 7 M R GE, AIHBIZE 5y 5 AT ies A e A o
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» WHY SuperCurve®?
SuperCurve®yJ &

Fixed income trading and information systems currently available are over-simplistic
and don’t allow the full market’s proper monitoring in real-time. Based on each bond
or IRS’s yield-to-maturity, they are not adapted to handle an irregular data feed prone
to errors and fake trades. SuperCurve® aims to make up for these shortcomings.
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> HOW SuperCurve®?
SuperCurve® gt

SuperCurve® collects quotes and transactions from available sources and uses this
information flow in real-time to maintain a permanently up-to-date and faithful
representation of each segment of the fixed income market: T-bonds, CDB bonds, EIBC
& ADBC bonds, SHIBOR3M and FR007 swaps.
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> WHAT FOR SuperCurve®?
SuperCurve®& X

Thanks to SuperCurve®:
i fH H SuperCurve®:

Market makers can maintain a bid and an offer price at any point in time and
for any fixed income security, without taking the risk of quoting off the market.

T P AT SE AT R B E M s B (i, MR I, E6UHET, LA
B SROE IR, 10 TC T AR 2 T AT R XU o

Brokers can monitor market consistency and best serve their clients.
20201 A SEIN IR A R T BAORE S— 8k, AR E

Traders get a clear vision of the whole market and can identify mispricing and
take strategic positions in the most efficient manner.

A2 Gy TSI SR T, SO B R R E AT, I RO AT SRR AT
5 o

Risk managers have an error-free historical record of all the fixed income
market to compute statistics and risks.

JRU: 42 1) 22 BE AT DASRAS [ g WAL 2 1T 3 b B BT 5 2 ST A el B D s ae 3
AUVRSHEE T, I H AT B Ze v AU DAl o



1. Background and Introduction

BENA

While equity trading is widespread in China among fund managers and even day traders,
trading fixed income securities (bonds, interest rate swaps and futures, and more
recently options) is reserved for specialized teams in banks and insurance companies.
Only a few types of fixed income instruments are actively traded and booked on a
marked-to-market basis in accounting records. While this represents a large market in
terms of capitalization, the trading volume, although on the rise, is still limited.
Liquidity is significantly lacking in long-term instruments. Instruments not longer than
10 years (i.e., 1 year, 3 years, 5 years and 10 years) will typically trade several times a
day, but long-term instruments (10 years beyond) may remain several weeks without a
single transaction, even for the most liquid “on-the-run” bonds. Comparatively, in
Western markets (US, major European countries, and even Japan), on-the-run Treasury
bonds, long or short, trade many times per minute, while swaps and futures (bond,
interest rate, Fed fund rate) trade virtually every second when the market is open.

Enhiy b, REBEZSERGEHEA R AN Gh aFiEfAE, i
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Pricing accuracy comes with liquidity since any bias or discrepancy between securities
is immediately arbitraged. In China, bid-offer spreads are significantly wider than those
in Western markets because market makers cannot afford the risk of too narrow a spread
if they cannot immediately hedge an order they fulfilled for a counterparty.

SENT HERAVE ST VEA G, RDAAIE S 2 18] AR AT i 22 B2 5 A8 2 AL B 5 )
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Newly developed by NM FinTech Shenzhen Co., Ltd, SuperCurve® is a system aimed
at assisting fixed income traders and brokers for their quoting, pricing, and trading of
liquid securities, such as government bonds, government-guaranteed bank bonds, and
their derivatives. The goal is to maintain the most accurate and up-to-date image of the
fixed income market at any moment in time. We use advanced mathematical and

5



statistical methods to permanently estimate the impact of any new information, from a
quote or a transaction, onto all the other securities, and keep traders informed of the
latest market movements and what they mean for their respective portfolio.

EIN BRI IR AT B EWEA K SuperCurve® R 4: & A Bh [ 22528 5
RMA LR AT EN . IANFIZL Sy, A8 AEATART I %135 5 3R B[] 58 Y &8 1T 3%
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We are convinced that, by easing access to market information for traders and market
makers, we will help increase liquidity in a mutually beneficial feedback loop: more
and better quality information means more transactions, hence more accurate pricing,
leading to more and better quality information.

FATIEAF, — B 5 GURMECT T RES S hn SRS IR A5 A 0 M it U0 m) LK
RIGINGTF T s tE, JF R A RIEIER: o B A i i 17 37 90
A RIS E 2 58 5, 38 5 S R AT A AR B RS HE R SE Y, F
Bt DRI M i sl AR AN o

Quality Information | = Liquidity = Accurate Prices

N

1.1. Difficulties in Modeling Chinese Fixed Income Data

1.1, ] B R A 3 i S U AR A

1.1.1. Missing Data and Illiquidity
1.1.1. BABSRRIMRSIEAS 2

The liquidity of Chinese T-bond markets is comparable to that of investment-grade
corporate bonds in Western markets. At some moments, quotes and transactions are
relatively frequent while, at other moments, the market is “too calm” and nothing occurs.
Quotes remain unchanged for days, and then, when the market wakes up, a sudden
readjustment occurs with a jump that appears as a surprise to traders, while it could
have been anticipated, would one had observed other more liquid instruments and
assessed the consequence of their yield movements onto the less liquid instruments.
This is why simple interpolation models, based on the latest known quote, often provide




lagged and erroneous information, subject to surprises when a new transaction occurs
on a segment of the maturity range that hasn’t traded for some time.

Hh [ [ BT S R s AR = T 08 5 i R A R R st . i
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Addressing this question has been the primary motivation supporting the choice of our
mathematical models. We must, for this purpose, identify a set of variables that, on the
one hand, is rich enough to fully represent the market, without omitting any sort of
relative movement between instruments, while being as parsimonious as possible so
that we can estimate the coefficients accurately at any point in time.

Pk, RIS A R, BATTE Se 2 S B AR R W gtk B3R Oy
BBEE bR, BATHEHE —4LRENS T8 0 RIE AT T IR S5 M I AL &, 1%
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I o 78 B A0 v i 1t B SR 8

1.1.2. Data Errors and Fake Trades

1.1.2. B RMAERSLRAL

Quotes from brokers may occasionally contain errors or, instead, not be updated for too
long, up to becoming off-market. SuperCurve® mathematical model immediately
detects inconsistencies between the various quoted instruments and spots those not in
line with the bulk. It uses robust statistical techniques to eliminate such data errors and
replace them with a correctly estimated up-to-date quote.

2o 20 T AR AN A8 R H D R B AN BN BE T, 3 O 5 T 3 S Bl e RO
SuperCurve® ) H2 A R T K I 3 3l B4 A it b 2 T WAL 28 2 A A — Bz b,
RIS T I B AR S PR S R AN RO SR AN Bl R 53 K 0 G v - B B i 1R A
Y, FFACZ DAHERA A T SERR AT -

Data errors occur among actual transactions too. These are often “fake trades”, whether
pre-arranged or zero-volume trades which do not represent the market when they are
entered into the system. Such fake transactions are either by chance in the market, in
which case they have little consequences on the fitting, or are off-market, in which case
they are ignored, exactly like off-market quotes.
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1.1.3. Tax Adjustment
1.1.3. BilriE%

Contrary to other bonds (e.g. corporate and bank bonds), the coupons of T-bonds and
specific local government bonds are tax-exempt. This induces a particular appetite for
bonds with a high coupon rate, which, consequently, trade at a higher price, that is to
say, at a lower yield. SuperCurve® model for government bonds contains a tax
correction to account for this difference when comparing securities and fitting the zero-
coupon curve.

HHARGE CnfE GO BERIERAT 60 AR, FE 6T s 7 BUF 65 1 8 22 7]
EARMBUR . XPBOR 320700 w5 22 B B AR R, AT e
1%, BRI B 2. SuperCurve®TER & [ fit 22 Bk o 26 i 2k B [ it
s, M 7eo 25 R SRBIA R, FFRE AT A T 4

1.2. The Status of Yield Curve Modeling in China before SuperCurve®

1.2. SuperCurve®Hi i 7 H [ & W 2t i W e 28 i 230 2RI

1.2.1. Yield vs. Maturity Curve

1.2.1. BHAM IR 2R B 28

Although bonds are traded for cash, they are quoted in yield-to-maturity (YTM), that is,
the implied interest rate at which future cash flows, principal and interest, must be
discounted so that their total present value corresponds to the current price.

JUE R R TG AT 2 S0, LR LRI % (YTMD AR A
SIS AT AT 0 R SRR WEBLIR DL AN 55 23T 1 4 A
TG ES

The YTM curve is what is usually shown in a fixed income trading system. Publicly
available systems provide the YTM of a selection of the most liquid bonds at a pre-
determined sequence of maturities (typically ranging around 1m, 2m, 3m, 6m, 12m, 2y,
3y, 5y, 7y, 10y, 15y, 20y, 30y, 50y), then, unless a quote is available on other bonds,
simply interpolate the YTM of the two encompassing selected liquid bonds.

RIS ARG BRI YTM L. AT H RS — S L 7E 1
FREEM RS R i — 25 E5 0 YTM GEH N 1m. 2m. 3m. 6m. 12m.



2y. 3y. 5y. 7y. 10y. 15y. 20y. 30y. 50y), #RJ5 & Ge¥s ik & B i 4 g v
THE R PANE AR 2 (M 1 RN 527 (0 YTM.

This approach is overly simplistic because the relation between yield and price of a
bond cannot be summarized with only the maturity. It also depends on the coupon rate.
A simple yield interpolator, which doesn’t account for the coupon rate and the exact
payment schedule, will provide erroneous YTM and prices for bonds whose maturity
is between two of the selected bonds, with a coupon which is higher or lower than them.

HEE T TR, KoAfTE YTM 50044 2 8] il 28 KA T 43 JARR
LT 55 P ST R 2 . a7 B RIS 28 SR A (A AN 5 FE 22 1 R R A A+ 8 H
M, BrCAARLL R HAE AN Frie i 2 < R0 SRR R 5 2 MM SN G2
W dh TAE BRI YTM FEAr

There is a need for a more accurate and sound yield curve modeling to ensure the
permanent consistency of the fixed income market.

HATHRE A EAER . A E A Rl 2R A, DUA DR 8] € Wi T 4 24k
FF 2k

1.2.2. Bootstrap Method and Zero-Coupon Curve
122, HBhEESZF B RS

Let us start with a simple example: we have a one-year bond B and a two-year bond
B2, both with a 3% coupon and annual payment frequency. The one-year bond B; pays
RMB 103, coupon plus principal, at maturity Tz in one year; while the two-year bond
B> pays a RMB 3 coupon at Ty in one year, and RMB 103, coupon plus principal, at
maturity T2 in two years.

EFEATEA T AT BORERATA — R 65 Bo M — HNEHHIE B,
B Al B (ISR TTA R 508 3% HAEREATE —K. —F W67 BifE T 4E 2SN 32
A SN 103 7T 1 PFEIIGITR Bo A ToSE 3 3 0 5E, T2 RN 324 103

JCHIAS EAT
RMB 103] RMB 103
B, (RMB3 B,

T1 T

v

The YTM of B: applies to the payment at T1 while the YTM of Bz applies to both
payments, at T and T.. Now consider another two-year bond Bz with the same payment
dates Ty and T but a higher coupon, say 4%. At coupon payment date Ty, the bond B3
delivers RMB 4, and at maturity Ta, it delivers RMB 104.

9



RIS Bu i YTM GEH 78 T ZI LA, 177 B2 19 YTM NI [FIB BB+ To Al
T2 AN ZI ISR . BEFE S — RRFEfIr Bs, HIMESHMAEHM
5% By F1 B MIA], (HHLZETHFIZR N 4%, BIfid5 B dEATEH TSt AR T 4
JG, FEEIEAH T2 fuf 4 S 104 7.

Bond
+
Tima B1 B> 0:B1 + 02B2 Bs
Ty 103 3 103q: + 302 4
T2 103 103 g2 104

We can see that it is possible to exactly replicate the payments of Bz with a combination
of the two bonds B: and Bz with quantities q: and g2 such that 103g: + 3g2 =4 and

1032 = 104, in other words g, = % ~ 1.0097 and g, = 4;3;“ ~ 0.0094.

104

FATKIL, =1 10301 + 302 =4 JF H. 10302 = 104, 1T HZ, g, = 5 ~ 1.00977F
Hq, = 1392 . 0.0094 0, FT LA HE 451 05 @i B E B i A ke

103

5277 B (LB -

In this replication, the price of bond Bs should be precisely equal to that of the
combination of By and B2 with quantities g: and g2. When pricing these bonds, we must
discount all the payments at T1 with the same discounting rate for the three bonds, and
all the payments at T» with the same rate for the two bonds B, and Bs. However, we can
apply two different rates at T, and To.

ST EHT ER SR, 657 Bs KIS R IE LS5 T HOE 2508 qu AT g2 1 Bo AT By
PR A% . XEWRE, AL ENN, BATLARAE T ZI0 =
Rt T BT AR R 3 LR AT I L, IFRIAE T2 I ZI 1 A 6557 B2 Al
Bs AR R A4 B AR BEAT T B, SR EATT AT ASE To A To A8 PSS F I3 B

Would we use, for each bond, its own YTM, that is, one rate for B; for the payment at
T1, and another rate for Bz for both payments at T1 and T, then we could not make it
consistent with the YTM of B3, which would be a third rate, possibly different from
those of the first two bonds, and which would also apply to both payments at T; and Ta.

IR K R B I R 2 A EERR AT BT S IEELR, flan, K By A9
Wiz AR HAE ToAHE RIS, R By AR s RALAEEAE To A To It
FIMGELA, Bs I s A AT BEAF T Bu AT B, T EATHAT LAHIF To A0 T2
I 2 R MG B, X 2 3 A 7 2 A — E
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The bootstrapping method uses this logic to relate the bond prices and their yields to
maturity. This technique, which is more accurate than the simple YTM interpolation, is
a first attempt to produce a zero-coupon yield curve, a rate that must be applied to every
single payment. One first computes the applicable rate for all the bonds having one
single payment, either because these are short bonds with no coupon, or just one coupon
paid jointly with the principal, or even coupon bonds getting close to maturity with only
one single remaining coupon at maturity. This provides a list of rates to be applied at
each maturity until some maturity T close to 1 year. Then we consider bonds with two
coupons, one before maturity and one at maturity. We know the rate to apply to price
the first coupon. If its payment date doesn’t fall precisely on one of the short bonds, we
may use some interpolation. By deducting the present value of this coupon from the
bond price, we get the present value of the payment at maturity and the rate to apply for
the second payment date. Repeating this operation provides the rate to use at each
maturity until the maturity of the longest bond. This rate that applies to a single payment
is called the zero-coupon yield because it corresponds to the YTM of a virtual bond
with principal only and no coupon.

H B #E7E: (bootstrapping) 18 72 R 35 1X Fh 12 #5081 151 740 4% -5 L 21 3R 25 2R Bk R
K. X LRI YTM FRAEE S RS, R0 2 S 2 26 il 2R 4 3 1 19 TR 2%
W, FEWERWH TEREN SR S, w\k, ROTEETHEE L
FREATEEAGEREHRIR, XEHRHFARE: WIGSE. B — e ARff
B, BT &E— MR AR E 6T . NS — MBLR YL,
BLE TR BIREE 1 FR2EIE T TR R AR RIS . MG, 752
TR RAEMRIERGS, —RIERWET, H—IRESIH . R E s
— KA FTE A2, 5 S ST B IS ik T 5 s SO R B R £ 95
ANE, WA D R BRI I A 2 B SR EUE, 15 23
ASF < B AR B B3R ol B RS IR 26 . 5 MR A 1 1) 45 3454 210 1 H B od
R, HBRKAGFEI. XP0EH T B2 0 S AT R R AR A%
Bai A, FORHX R T EIE B GFFEN YTM.

This method is efficient and commonly used when we have a limited number of bonds
to handle, for instance, the selected most liquid bonds, or to produce a yield curve of
Interest Rate Swaps (IRS). However, it has the drawback of propagating errors through
the curve, or simple mispricing, due to taxes, liquidity or any other reason. It cannot be
applied with a large number of bonds, which always contain small but irreducible
inconsistencies. Even when such discrepancies are not explicitly appearing, the shape
of the zero-coupon curve is often awkward, with strong, artificial oscillations between
neighboring maturities to catch the exact price of each bond, whereas we know that this
price cannot be more precise than a tick.

bR b, AT HEED AN B iR (B £ 5 LR sl It f e 1 J LA
s B S R B R 2D , XA OTVEBONE W AN AR HilT

TR W PEERFIRIN R, B BiliEE (bootstrapping) W] HE & AF4E
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1.2.3. Parametric and Semi-Parametric Representation
1.2.3. SEENESHE

A parametric representation of the yield curve is a function (6, t) — f«t) which
represents the zero-coupon rate at maturity t, where 8= (é.,...,6) are the coefficients
of the parametric representation, for instance, the coefficients of a polynomial or any
other functional shape. In this approach, we use an optimizer to find, at any point in
time, the coefficients that best fit the quoted yields and prices of a whole set of securities
(bonds or IRS).

e 2 2 M 26 (1 S BUERIL R R R B0, 1) —> fot), EFRRTERIH tHEERZ,
HA10=(0,....0) S HER R EL N2 Tale Al e S0 £ 8. L7 iE,
PAVE AL E:, DUMEAAEFN SRR 2 5 A 5™ (FigFEl IRS) A4k
(AR S FSL RN U E S @

The fitted yield of each bond does not necessarily exactly match the quoted one, which
is only a target for the fitted curve. A small fitting error is unavoidable if the number
of bonds to be fitted exceeds the number of parameters.

TR S W R A 5 B IR 58 2 VLR, 5E A ULRe A 2 i 20 & 22
W ER—M B HMEROTFEELE S HE R, XMEL M EIREZA]
B o

The parametric approach differs from the bootstrap because it takes all the set of bonds
at once and tries to fit a curve within a specific class of possibilities. Modifying the
yield of one long bond may, for instance, impact the whole fitting and, consequently,
the fitted yield of shorter bonds, even if this impact is limited, if not negligible.

5HUMEEAR, SEEE —IRUESRBURTE 6id7, 206l &% dhfh it 47 ih £
WA B, BECE R KGR s R At L &, BRI
Wi 5 e 393 5 7 AL 2 2 e A, BISESXRr AN AT 2208 ) s A A A BR

The semi-parametric approach is an intermediary approach. In essence, it is a
parametric approach but coefficients é can be grouped into small subsets where each

subset of coefficients only monitors a given portion of the yield curve. This provides
more flexibility to fit various shapes of curves, while still benefitting from the
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advantages of a fully parametric approach. Cubic splines are a typical semi-parametric
technique.

FSUAENE PR iE . AR L, L&%*ﬁ%ﬁ% ERE G I H N
NTER, HA R BT R I  R ihI 4 R Y . IXHUNIE SR E
%%%%%&Tﬁﬁ%ﬁéﬁ,Hﬁ&%ﬁﬁ%ﬁ%%%ﬁo:&ﬁ%%m

b it 2R ()~ 2R

At present, up to our knowledge, no publicly available software in China uses a
parametric or semi-parametric fixed income modeling method, the only approach, in
our view, that is adapted to the complexity of this market.

HATAE R B, 5 A IF R AR S 8 2 50 e W 5 ik, (HAE
PAVEAR,  MSTTIE AN R R A X — B 2% i 37 (R e — il R T 2%
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2. Features of a “Good Curve”

DT it 2% R RFAIE

2.1. Accuracy and Absence of Bias
2.1 FEm AT R 2 1

A sound pricing system should always provide a yield and a price, for every security
that corresponds to the most up-to-date quotes. If such quotes are unavailable or
outdated, the system is supposed to provide the best estimate of security prices and
YTM, which can be used as a reference by traders and market makers to support their
trading and quoting activity.

A UE R E A R GE N B4R 2 N BEA B R A0 5 Bl i i s oW 6 1 2 2 23
Itk FETCIEAT BIRAN B ARAN LI B %, 28 250 J0) 7 RE A E T0UAG 45 IR 25 (19
AR R (YTMD , MINAE 5 S R T - 5E 5 « IAnissh i 12
%o

These estimates must be unbiased in the sense that surprises, when an actual transaction
occurs, should happen either way. The system bias is determined as the average
underpricing or overpricing of the security when a new quote or transaction occurs. It
should be reduced as much as possible.

I TS B A & vl e e T R] REAR T BB A, RS LRI EAXT T T 52 B
AN R A R il B AR A . R G222 5 SE PR AL 5y Z RN P 2200, XAl
i 22 1N

2.2. llliquidity, Missing and Erroneous Data

2.2 f&IBhHE. BEESRAE R

Compared to Western markets, the Chinese fixed income is nowhere close in terms of
liquidity. A good yield curve model must be able to cope with a very irregular data flow.
While some bonds, at certain times, may trade every minute, other bonds may stay still
for several days, if not weeks, without a transaction. Quotes must be updated, which is
not always the case. Missing data is the rule, not the exception, and erroneous or fake
data frequently occur. Robust statistical techniques must be implemented to handle this
aspect of the data input.

H ] [ i T 3 R s PR 5 0 5 K ASAR AL o — NG Wi s 46 st i A 0 20
figg N AR AR B, RO S BRI S v] Re R 0 B #8585
EHAHRR A LA R LR B LUH B L 5 . BAREAR B A B2 i %)
R, ASRERENARAR, BdEek R ETI N A ES, AREAILR
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2.3. Real-Time and Reactivity
2.3. SEI PR I B 1

A real-time curve to handle incoming data is critical to trading, market making, and
real-time risk management. Traders expect a system that reflects the current state of the
market and not outdated past quotes. New quotes should be immediately incorporated
into the system and their impact on the whole market estimated. For instance, if a short
bond is newly quoted with a 10 bp increase, other short bonds can also expect the same
10 bp increase of their YTM. Long bonds will react too, but with a lesser movement,
say 3to 5 bp. A good system will accurately measure these dependencies, based on past
statistics and events, to update the price of all the bonds each time a new quote arrives.

A2 Gy AT ANSE IR, RS B S B, 2 B RE S SR AL B AN B0 B .
by GUTEE U R GURENE SR AT T IR, AR A o RIS, BESR R G0N
RESLENREFT ANy, JFRETUAL H XA T IZ . Blan, 5 GRH
WO 7 10 Ay, AR GEE AR th 2 10 SRR I, K
W7 B RO S P BER D, N 3 2 5 NS B, IR RS EhE
AR P L & ST AR A B S, HER b E A XA R T, IF R AR
U BUFARANIN S T AR B R E -

2.4. Consistency
2.4. —8

As explained in Section 1.2.2, the price of the various securities should bear some
consistency, in the sense that the zero-coupon rate to apply at each coupon and principal
payment should smoothly depend on their payment date. Discrepancies may occur, due
to tax rules or other liquidity reasons. Aside from such explanations, one expects some
regularity in the zero-coupon curve.

a0 1.2.2 WpTA, ARG 2 B Sk X RRE R AROR L e I
IBUE R I RE A, FH 00 0 PR RS = ok T B i 2B RS A IS AT S A H
W, JFREET R e s, RIMEAEICS SN, B TR s R R,
A REHIIA 2 EERIZ AN, T RN AT — € A

Oscillations and wide variations of the implied zero-coupon rates between neighboring
maturities are not signs of a good curve modeling, since they don’t reflect the reality of
the market perception of interest rates. A good curve model should assign similar rates
to similar maturities.
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Comparing the YTM of different securities of the same category (e.g. T-bonds) is only
relevant when they result from the same zero-coupon curve. The portion of the yield
discrepancy that is not explained by the zero-coupon curve is a market anomaly, and
often a tradable arbitrage.

PR 5™ 2650 (PIAnE G AR AR A B 2 s 5 th A — 2 T S i 2 it
BRSNS, WRCX LRI R A A R . TR M 2R R ot R 2 7 ]
MANT R EIG, HRIEE AT ERNZ S .

2.5. Error and Fake Trades Detection

2.5. HRF R BRAE Bkl

By permanently testing the market consistency, anomalies in the quotes and fake
transactions are easily identified. Not only should they be eliminated from the curve
calibration process, but if the anomaly is not a data error, then some arbitrage trade can
be placed.

i R SR T — Bk, U0 B b 2 RT DU R IR B 7 T AR AR 5, JF
M ZRG R HE LR R F G B o 5 W DL GOFARIR TR 4R, W mDR AL
ERHL=

2.6. Correlation between Bonds and IRS

2.6. fRFFFF) R B He A<M

A fixed income must model both bonds and IRS, and the two models should be
consistent. Indeed, many traders use interest rate swaps (IRS) to hedge their bond
positions. If the correlation between the two models does not reflect the market reality,
they may have a biased perception of their residual risk. A good model will have
correlations between rates correspond to the real correlation between the two related
securities, whether two rates at different maturities in the same curve, or two rates in
two different curves, including between a bond rate and an IRS rate.

[ 52 WA 2 S Y T £ R R R 4 Ay ) AR, [N AN AR TR N L 4 A G
PEo SZRRPAR/DAE 5 RS AR B (IRS) X s k~f, i 23X p AN
B2 (B FIAH OG RETEVE IR R T I sk, TR By 03 A e 2 0o 6 4 JRUJS: R TR 2 AR
22 LTS IS TR A 1) 256 2 [B) R P 5 19 N 2 98 72 [ P S oo A D 1 AR K
BLHE R —Z& i 28 EARIIR PN R, BOM AR 2R b pxd BRI CRLES
TR H AN IRS A
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3. SuperCurve®

3.1. Overview

3.1 iR

SuperCurve® uses the most up-to-date mathematical and statistical techniques to model
and price every fixed income security — bond or interest rate swap (IRS) — using all the
available information at any moment, both current and past. This involves:

SuperCurve®i@ it 43 B 210 A1 D7 s %4, A S I BCE R G 2E T, S &R
g AR B (IRS) #HATEM . HAW Lr ik adE:

* Arrigorous fixed-income modeling framework;
TR 14 [ R WA AR TR ATE

* Powerful statistical methods to handle irregular and sparse data, errors and fake
trades.

KEFRTC A A L R B AT R RS 2 KSR K G it T i

This erratic data environment, specific to Chinese markets, invalidates most Western
fixed income technology, which assumes a very liquid market and an accurate and
complete data feed, up to a minimal number of errors. SuperCurve® has been specially
designed for the Chinese fixed income market and in all its complexity.

7675 [ U S B AR AR IR, BeviEr B e B IR L BOE, ARG R
THE R (ER A E 37X A 2 AT BRI ST, 3K 22 B0t [ 5 I
P ARKRL . SuperCurve®s& % 14 A [ [ e Ui 2 T 3 e L &2 2 R st i H

To handle all the specificities of this market and address all the features required for a
“good curve”, we have opted for a semi-parametric model, which offers the best
possible trade-off between the flexibility to match market data and smoothness in
imposing consistency between the prices and yields across the entire maturity range.

AR [ T3 BRI, R SEBLIR TS I 26 B P AT 5 Ak, SRAT TR # 2 2 H0ik
SRR o A AT DAAE UG E T 37 80808 P 3R 1k A1 1 2 22 ) 3 4t e (14
L3 2SI BB Y 4 5 1 A 5 ALl 4 8 — B

3.2. Features

32. %R

Users of SuperCurve® — brokers, market makers, traders, asset managers, risk managers
— benefit from:

SuperCurve®HIfE 2, WNZAZR, i, ZH M, BEar, kg

RIS, g W BN % 24
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* Permanently updated accurate prices and yields of all commonly traded fixed
income securities.
FRp 252 5 BT A [ AT e B 77 AR B M RS 2 6

* Unbiased price and yield suggestions, bid and offer, for all securities that
haven’t received a quote otherwise.
AT E TN FE - mIN RS IR, S RAFSZ RN 2L

» Historical series (daily and intraday) of quotes and transactions, a historical
comparison of model yields with quoted or transacted yields.
SEBEH TR A B R A T e 51, DL AR B R 2 5 T 4 SEBR ik Al
B AE 5 A 1 g SR L

* ldentification of market anomalies: yield spreads and butterflies.
Pl s, ads: FEMRAAL S .

* Suggestions of trades: TB vs. CDB and other types of bonds, on-the-run vs. off-
the-run bonds, bond vs. IRS, inter-maturity spreads and butterflies, etc.
YA GEW, W E6vs BITREHA SRR 6T Bir vs. TR )
BRANZ AR 22, 54

3.3. Fixed Income Market Coverage and Data Source

3.3. [k Wi 2 T35 8 o Y FEL A B4 IR

The following securities are (currently) handled in the system:
HHT ) ARG AT AL PR DT [ g YA & BT 7

e Treasury Bonds (TB)
Efi (TB)
* China Development Bank Bonds (CDB)
E Z T AR AT fi7¢ (CDB)
e Export-Import Bank of China and Agricultural Development Bank of China
Bonds (EIBC & ADBC)
o [ BE Y ERAT AN o [ RO K JEARAT i 27 (EIBC & ADBC)
e SHIBOR3M Swaps (SHI3M-IRS)
SHIBOR3M #|# H 4t (SHI3M-IRS)
« FRO07 Swaps (FRO0O7-IRS)
FROO7 F|Z H.#: (FRO07-IRS)

Data, provided by Shanghai CFETS-NEX International Money Broking, contain
instruments that range from one day to 50 years, depending on the type of security (TB
are regularly issued with 50 years maturity, CDB until 30 years, while IRS are only
quoted until 10 years, as of now).
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i E PR TR AL A R BE G S M 1 K3 50 EAZER ISR . BAREPE
WFHF=HRE GRERM S, EGEERAATHR&K N 50 4, EFFFHHmK
AN 304, IRS AN 104E) .

In its current version, SuperCurve® only handles “bullet bonds” of the inter-bank
market, that is, non-callable bonds with fixed coupon, non-amortizable principal
reimbursed in fine.

7E NI A, SuperCurve® (S T Ab B4R AT 18 T 5 0 T 25, B0 [E s 26
RT 4 A 2 e AR A BB 2

Bullet bond characteristics are the inception and maturity date, coupon rate and
frequency, and for the short bonds, the price at inception. Data provided are their yield-
to-maturity (YTM), clean and dirty price and accrued interest.

THAHFNEAERFEQFE RS 3HH . FEiA e 8, X758
WA R UL, IR RAT I o R ERIUR H s 35 e 2R 1 27 10 2 i R
(YTMD 4 AN FI TR

IRS exchange a fixed payment against a variable payment. This variable payment is
indexed either on the SHIBOR3M, quarterly set in advance, paid in arrears, or on the
weekly cumulation of the FR007 rate computed between the quarterly payment dates.

A ROk [ € S AN S BEAT A . i B A HEA Ry SHIBOR3M I, 32
RPN E RN TE, HFMEESTES; HIAER Y FRO07 I,
B EE RSN, FENRN RS2 5 BB ARSI R

For both types of swaps, the system receives par swap rates, that is, for each maturity,
the level of fixed payment one should set for the swap to be “at par” for this maturity.

X FIX PR SR A 2 H 0, AR G0 ARG BB Dy SR LR A, RIS A
ANEGIARR, 52 R ER AT 7 AR I B R L3 (4 S T AR 55

For each class of security, a zero-coupon yield curve is built, which allows for pricing
any security at any time and getting its risk characteristics (e.g. duration, convexity, etc.)

X TREFGE 2, SuperCurve®#i e . R B ai 2 M1 28, Sei AT 5= e A E it
R FEbR (A, OiESE .
3.4. SuperCurve® Construction

3.4. SuperCurve®H ¥y

The consistency between the various instruments is ensured by rigorous interest rate
modeling for each class of instruments. A “zero-coupon” yield curve is built in each
case. Given the irregularity and sparsity of the data feed, a semi-parametric
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representation is used instead of a fully non-parametric representation, such as
bootstrapping, which would be unable to reflect the mutual influence of various areas
of the market onto one another. A “best consistent fit” is provided at each point in time,
which may occasionally slightly differ from existing quotes. These small discrepancies
are indications of likely market corrections to come, leading to potential trade
suggestions in case they exceed the bid-offer spread.

ARG RBEBAT T E AR ER, #0R T SR B RBZ N—
BobE, RN EATEOS SRS SO L T Sl R 2. BRAL, P RS B 1
ERARNPEABGE, BATRE M S H0%, A 2R 8E8oR ik
Can BRI, BROA S 38 0 Jo ik S i R T 3 25 A TR 254 22 8] PR RH EL S
XAE—k, BIMEE M B /R SIRINAFE AN R 22, SuperCurve®F) ith £kt REAE &5
AN]SR AR DR A B — Bk, SEbs b, BRI AE N2 R R A TR T
e LR, e A SR AR A H i, Pl SRSt %=

3.4.1. Semi-Parametric Representation of the Zero-Coupon Yield Curve
341 ZEEWREMEHNESEER

To handle the complexities of the Chinese fixed income market, SuperCurve® has
chosen a semi-parametric approach to model the zero-coupon curve. The spline
representation, the number of splines and the fitting algorithm have been carefully
chosen to provide consistent and stable prices that permanently reflect the current state
of the market.

Y N E [ E W T K R B O, SuperCurve® ik B4 I S HuE KUl &
TR R L. FATH R B SR I 2R T MR EE AU A 5%, T
FARGREGIRMAT & — BUERIRE €, JFRFER S HT T 7RI

This semi-parametric representation divides the maturity range into 6 different portions
with a smooth connection between the portions, thanks to cubic splines. These portions
are not equally spaced in the maturity range but equally divided in incoming
information flow. This information flow, that is, the amount of new prices or yields per
unit of time in each portion of the curve, turns out to be logarithmically distributed
across maturities. In other words, there are, on average per day, as many new bond
quotes between 1 month and 2 months, between 1 year and 2 years and between 10
years and 20 years. The same can be observed with correlations between YTM at
different maturities. For this reason, the cubic splines are not directly built as a function
of the maturity T, but as a function of a modified variable x = In(x + T), where wis a
maturity shift parameter! to avoid the singularity of the In function in 0.

1 QOur research has found that z = 0.25 (i.e. 3 months) is optimal.
WATATERIL =025 (BRI 3ANH) NEARME-
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WS HGE, Rl R i 2 IIRYEE X008 6 D AFEE S, JFH =0
e B I A, X IF AR DR R IR O 2Rl AT S B R o, T
AT BG5S CRILE SIS [a) A 2 3 20 H BIB (1
s at R R ERRMIR EE2XHr . 52, PRRRE S IR
HeE B, FARMIRDHE LA 2 M 142 24, 10 F5) 20 4
Z 18] SR G AB R BAEAS R AR IR 5157 10 YTM AR STk, BATA
H U SRR E AR VAR R WIR T L, M@ TR S x = In(u + T)
B o O RIIIR WS 25, H T3 In R ARAE O /R FT  1E

3.4.2. Logarithmic Scale for the Maturity and the Rates

3.4.2. Fe AR PRANA 2 X Hhw B

Another aspect of fixed income markets, which has been observed across many
countries over various periods and economic conditions, is that the volatility of interest
rates is more or less proportional to the level of the rates when the inflation and the rates
are high, but independent of their level when the inflation is low and rates are low as
well, if not negative, as we often see today. We need a second change of variable in the
rate level. The zero-coupon rate Y at maturity T is represented by a modified variable y
= In(d +Y), where ¢ is a rate shift parameter? to allow rates to become negative, up to —
0.

[ e e 2 3 i S5 o — AN IR AL, 238 B AR R AR N, AR A 5 2 B
Z B/ SRR BRAE E s (H AR I K A AR AR I A 2= D9 S o
I NN WG, RS AL T RRACOP, XAV 2 E KA
I A TS P EBIESE . BRIk, AT BExh i R AR IAT IR,
RIRIBR T xR EAER Y Koo N B E AR y = In(0 +Y). BEAL 6 2
SHL EMRARAT R, AT U6,

Finally, our cubic splines represent the curve y = f(x), where the range between the
minimum and the maximum value of x is equally divided into 6 portions. The final
formula for the zero-coupon yield as a function of the maturity becomes:

A, M=IRFERRORHIZR y = f(x), 1E x B/ ME AT R AR [A) g1 2oy ) 7
N 6By HI, 1525 SRS AR AR IR ) R HO% AR 3K

Y(T) = —6 + e/ (n@+D)

The function f is represented by a combination of basic cubic splines ¢; (x) and ¥; (x):

2 Currently set at = 1.5%, we may revise this parameter to a higher value, would rates become more
negative in Western markets.

HRTBE N 6 = 1.5%. #5757 iR AR G EE N, b 28 it B slomT i v
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3.4.3. Ridge Least Square Criterion and Oscillations Control
3.4.3. Hi/ RN AR

Given the coefficients a; and 3;, we can compute the theoretical price of each bond Bk
in the market for which we have a quote. Say Px is the real quote and P, (a, ) the
theoretical price, which depends on the coefficients. We want these prices to be as close
as possible for each bond. For this to happen, we minimize the Least Square Criterion:

WL R e MGy, AR LI T3 B — R O WA i 655 B 1 i
ik. BEEE, P2 —NESHRYN, Pr(a, )2 H R EVEMELRME . 1AL, A
X L R R eI RE— R MU SEbntirts, AT M B/ —febrifE

L@p) = ) w(Pe=Pe(@B))’ +eH(w f)

k

The first term of this objective function aims at fitting the theoretical price of each bond
to its real price. The weights w;, ensure a uniform weighting of the error in yield, rather
than in price. They are inversely proportional to the square of the duration of each bond.

Hbre e, 26— U0 Totra: R Gur B O i 7T 5 SEM AR & . 1L
H X W R 2 22 T AR A O 22 BEAT PSR, He 58 R o7 AR~ 5 X
t.

The second term is a ridge regularization. Its goal is to ensure the regularity of the yield
curve. Should we need large oscillations of the curve to fit actual market prices, a small
error on the fitting would then be accepted in exchange for a more regular curve. The
small regularization parameter ¢ monitors the trade-off between the acceptable fitting
error (not more than the bid-offer spread) and the control of oscillations.

ST M IEAE,  F AR A DR A 2 R A TR T 2
IR IR R KR IE SR T s, B 2GR 22,  DLARE— 25 B A
PERI T2 M IE NS EL ¢ R PTG iR ZE (AN SRS 2)
SESPE A

This approach is very robust to an irregular input data flow. The set of bonds on which
the curve is to be fit may completely change at each re-run of the fitting procedure,
provided some global market consistency holds.
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3.4.4. Robust Statistics and Error Elimination

3.4.4. BRGHRREHR

As mentioned earlier several times, price and yield data in the Chinese fixed-income
market are often away from the actual market situation, either because quotes have not
been updated for a long time or because these are fake or pre-arranged trades at prices
that are not in line with the current market situation. This results in specific prices that
cannot be fitted by a parametric or semi-parametric formula. Their impact on the global
value of the objective function L(a,f) prevents other bonds from being fitted.

QORI R ] WAL T 3 ) AR RS i AR AR AR AR I B SE PR T A I L,
25 RUORAN KA BT B, B2 52 RO 252 B R 1 B e 2 k2 &, e
MBS AT & ZRTE TS O, X5 — S ok th S H0k sl - 2 5
G, MR H AR L(af) 2 RE, RE PR GREN

To address this issue, robust techniques are used. First, replacing the simple square in
L by an M-estimator reduces the influence of poorly fitted prices®. Then by filtering out
bonds whose price cannot be correctly matched and re-running the fitting procedure
without these bonds. These well-known yet efficient techniques ensure a curve that
always correctly fits the price and YTM of bonds in line with the bulk of the market.

N T ERIZA A, FATRI T —Fpedt iR, H56, JATH M A& L
Ifal oF 75, DU EAR Z R 25, RGN A VLR #6127,
I H A HAL G R G i 2k X FoR(EAS th 24T Rt &, RN AE40E fr
157 I B 2R KT 55 T 32 S BB A KPR — 2

3 The M,(x) = x? if -7 < x < 7, then outside this interval, it is extended by a straight line that smoothly
extends the square function. Precisely M(x) = 27 x| — 772 when |x| > 7.
X My(x) =x2, —p<x< g fEREIXTRIZAh, BT SERT 7 R — 2R ELARAE JiE . MERAI I,
Hix| = i, M) =27 x| - 72
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3.4.5. Real-Time Fitting
3.45. ERHE

Real-time curve fitting is a more significant challenge. Information on various parts of
the maturity range arrives in a disorganized manner. It needs specific techniques to be
combined to merge new prices and yields coherently with past information. Based on
Bayesian statistics, Kalman filtering is a method to optimally update the whole zero-
coupon curve each time one or several new quotes are received. The algorithm finds
the most probable change in the coefficients that allow matching the new quotes, given
the estimated covariance of the set of curve coefficients (ay f;), k=0,...,6. The
covariance of coefficients is then updated given the estimated change to remain aligned
with actual market statistics.

S UG il 28 IR A Bt . A FFR IR RS S A AR T R, IR T R
AT E SRR LB AT AL G, DU IO s Sz R 5 22 A (015 B DR — 2
B U geil, SRR AN B RN, R OR 2R RENS O
WK E ML, IR SEmh R B R BCCAULEORT A . R 24558 # 2 R (e i),
k=0,..,6 M7 ZAME, KRBT 2 RIE R SCR BT R, RS R
ST M DRt — 2

Given the nonlinear relation between coefficients and bond prices, an adaptation of
Kalman filtering can handle this nonlinearity. It consists of an extra term added to the
objective function:

BT HRAEAGITR M 2 B I AR LR R, HATHE IR R ZIEPX —H
G TTE, TR BRAE B AR R BRI 1B

L@B) = ) w(Pe =Pl )’ + eH(w B) +y(da, df)'T ™ (de, dB)

k

where da and df are the change in coefficients a and 8 with respect to the previous fit,
[ is their covariance matrix and y is the gain parameter.

Hrhdafdp & R afMBHX T2 il A A E, TRENP T ZHE, ¥

RRARBHL

The estimation of covariance was the result of research that could not only rely on
Chinese market history. Indeed, despite all precautions described above, some
instabilities in fitted coefficients could not be avoided. The covariance matrix is
estimated using Bayesian methods with a prior that corresponds to our experience in
fixed-income markets in general, and not specifically Chinese markets. The inherited
stability is visible in the regularity of the fitted curve, and will benefit a market that
needs better information to safely increase its liquidity.
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3.4.6. Fitting the IRS Curve
3.46. #AE IRS LR

Interest rate Swaps are financial instruments that exchange a stream of fixed payments,
at a certain frequency (usually quarterly in China), over a given period of time, against
another stream of payments that is indexed on some public rate, such as the SHIBOR3M
or the FROO?7.

TS AT L, 50 590U B i TR 7O LI 2 490 5 s o
MR (E RS SIE% %) , E)RI% L SHIBOR3M. FR007 %
INTFRT R 2 T

Each variable payment corresponds to the interest due on a loan of the principal between
the previous payment date or the swap inception and the date of this payment. When
cumulating these variable payments, we get the interest due for the loan of the principal
over the full life of the swap. That makes the IRS pricing relatively simple, since it is
like a bond, with a stream of coupons corresponding to the stream of fixed payments
and a principal paid at inception and received at maturity together with the last coupon.
Finally, the IRS is equivalent to a virtual bond with the same maturity and a coupon
equal to the fixed payment, minus the payment of the principal on the inception date.

AR FIR AT LR (REED EA KA 2 W0 A
Bho B EED RIS IR RS, AT A G e B R S TR
B RIS . RS MR GBI, 1R RISy 5 i AU
o7 AR TR O TR — 00, AT 44 SUAS e 322 BT R —
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We use this equivalence to calibrate the IRS zero-coupon curves in the same way we
calibrate the bond curves. Thanks to the fact that we must only fit a small number of
swap rates at fixed maturities, we can adjust the yield curve coefficients and ensure that
these reference swap rates match their theoretical values from the model.

ST IR, AT DI IR 7R i & 77 AOREGE IRS TR k.
TERATHR A ECA 2 (K IR L A =R el 5, AT AT EUR Bl ot = iy
AR, D IRIX S 225 1 i an Rl AR AT S B A 58 s UL RC .«

3.4.7. Fitting Curves Other Than T-Bonds

3.4.7. FEFHLHE

Treasury bonds and CDB bonds are the most liquid ones, but CDB bonds are only
issued until 30 years maturity, whereas T-bonds exist up to 50 years maturity. The
market practice for bonds other than T-bonds, or for IRS, is to estimate their yield,
relative to that of an equivalent T-bond, by monitoring the “spread” between the two
yields, that is, their difference. Any fluctuation on the T-bond yield would tend to be
immediately reflected on the other bond or IRS.

[ 515 [ TR s M fe s (0 5, (EEE A R E DTG A AT IR fc O 30 4,
1M FE G 50 SE. s 5 seikrt, HH AT R AR YIRR i D67 (5%
AR B HE G A ZXENTREATE . BT 5 AR T 5 sh #l 2 Rl
I 50 21 H A SR A 55 BRI 3 L g WA 2 47K T

To take into account this market practice, and ensure that the various yield curves are
fitted in a consistent way, SuperCurve® first proceeds for each update cycle, with the
fitting of the T-bond curve, using the method described in Section 3.4.5. Then the
(acos,fecos) coefficients of the CDB curve are chosen to be those that allow the best
match of the newly updated yields of available CDB bonds, with the least possible
difference with the newly fitted coefficients of the T-bond curve (ars,Srs), other than
a constant spread. This doesn’t mean that we impose a constant spread across the
maturity range, since every single new CDB bond must match the updated market yield,
but the shift in coefficients between (acops, fcps) and (are,fre) is made as parsimonious
as possible to achieve this fit.

&R EIRTTIAHG], FE0ORAS Rl W 2t 2 i 2R 4 & fR4F — Bk, SuperCurve®

B 3.4.5 WA KA G B G e R M2k BTOKR, IEFEDT Al R

ith £ i) 2 2 (acos, o), 8 RAG DL IE FOT i O o i it &, JF H S &%

Bl & i E Gl e R i 2k R 2 (ars, pre) 02 5 /b AN 2 AE [ Fidieas % Eon
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This procedure is applied for all curves other than the T-bonds: CDB, EIBC & ADBC
and IRS (both SHIBOR3M and FR007).

IR R TR A A A SRR R R R RS, B B, R R
475, PAARIR G (GRER] %Ry SHIBOR3M #1 FR007) .

Maintaining a strong consistency between the various fitted curves provides extra safety
when traders use the SuperCurve® system to analyze relative trades between different
classes of bonds or when hedging a bond position with IRS.

FE22 5 531 SuperCurve® 22 4t 73 # AN R] it i £ 23 2 T] B 22 B0 A4 28 L3800 o £5t
TFI~T I, ORAFAS FSL 2 25 2 U0 R g — SO v HL R I A e A

3.4.8. Tax Adjustment
3.4.8. BilAE

Contrary to other bonds, the coupons paid by Treasury Bonds (TB) are not taxable. This
induces a price difference between these bonds and other taxable bonds, the higher the
coupon, the larger the difference. It can be measured by comparing the after-tax
outcome of one and the other kind of bonds.

HHALGF AR, EAE SRS XS EUZL L B 2 A0 H A N A 51 75 2 [A]
SAFEMZE . HAEEBORN, M ZgiBoR. xfitl, JeAT He B 5 o5 8] 1 25
Pk —th %,

For a bond investor, the remuneration of capital comprises the coupons C, taxable or
not, depending on the type of bond, and the return on capital. If not invested in the bond,
the capital is used for other purposes, and its remuneration is deemed taxable. So, the

benchmark is a taxed remuneration of capital. In other words, we have a "pre-tax™ and
"after-tax™ remuneration of capital.

TR kU, RANGE RS C MBEATEMAE, Hrh B ER RN
WECR T B 25 B AR SE FArim A T A&, Ba ka2
NIRRT FTEL, HIEHEME R N ANBL R B A an . BR) TR, A7 AR B AT AR I

zZS

Il o

When investing in a taxable bond, the "pre-tax" remuneration is the bond yield-to-
maturity Y (that is, the carry, plus the short rate, since it is not tax-deductible).
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If we consider the combined taxes on the coupons on the one hand and of the principal
on the other hand, the combined estimated tax is zY (and not zC which is just that on
the coupons), where 7 is the applicable tax rate (currently 7 =25%). Hence the "after-
tax" remunerationis Y"=(1-17) Y.

ERMFELIRMASILG G, WG EMHBIY (TARC, FHRC R
WHE LR , Heb oREMBE CHATr=25%) . KL, “BUR %
Y'=(1-9Y.

There is no special preference towards a high or a low coupon bond, since the “after-

tax” remuneration doesn't depend on the coupon. Even a zero-coupon bond has an
expected taxable profit on the principal, equal to its yield.

A T RUa W I AR T B SR, BRI AR e S 22 S 22
o RMERFE6TF, A TR AAE B8 T Hilkam %

i

U7 1R i

A

When the bond is not taxable, we consider a virtual taxable bond with an augmented
coupon C' = li_rwhich, after tax, delivers the same remuneration. This virtual bond

has a “pre-tax” yield-to-maturity Y, which is close to 1L—T if Y and C are close to one

another but may be higher if C > Y. The tax-adjusted YTM of the bond is the after-tax
remuneration of the virtual bond, thatis Y"' = (1 — 7)Y". It is very close to the original
YTM if the coupon C is close to Y but higher if the coupon is larger.

EF AR, TP SRS, HAMESAC = =, BiRthe
PRI . MR BRI B3N Y7, 25 Y 5 C BRIT, UBLAT
BN Y B —, 1% C > Y, MBATEISMGER Y Whem T . G5
BUCIR 3 YTM BB FOBUR IS, B0y = (1 - D)Y'. WRBSECHR Y,
MY EAT TR YTM, (RS CER, My EL T RE YTM,

Market consistency aligns the tax-adjusted yield Y of the various non-taxable bonds.
Bonds with a large coupon will, naturally, have a lower non-adjusted yield Y, hence a
higher price, for their tax-adjusted yield Y’ be aligned with that of other bonds.

T3 — SR % Fh S B 5127 RO AN B B IR s 2 Y IR — B )T B 7,
POy BOR Bl i Ry 5 ARG — 80 W 2R — BRI R R 8 1 2
SV R E Y R — N B
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4. Conclusion

& 45

The Chinese fixed-income market is in rapid evolution, with a substantial increase in
its liquidity and the appearance of new derivative instruments, such as futures, options
and swaptions. SuperCurve® is the premier system that provides everything needed to
accompany this evolution: data, software, financial analysis and suggestions of trades
and hedges.

o [ [ W e T 3k Rt , R s R aR s, BI0E. BIRG. HHIACSEAT
A THAWHRIL . SuperCurve®s& B /MEREX — i3, Jyrh E B i 5 i &
Bl AT W55 704 LA S SE By AR i W) R 5

Specific challenges of the Chinese markets: illiquidity, irregular input data flow,
erroneous data, fake trades, etc. create a barrier to entry that prevents the most classical
tools available in Western markets to address this market.

Rl [ T EARAE R N, B anmsh e A 2 . AR AN . Bl 5
R MEARAC 555, FATHE DARLFH 78 05 [ e W i 17 3 b A 28 gt T B SR Rk 24 i e
] T 47 F) )

SuperCurve® is unique in that it uses the most advanced financial mathematics and
statistical methods to tackle each of these challenges:

SuperCurve® s 2 A AE T Eia H T it B K gt Tk, DM e se bk g
A NS R

* Rigorous yield curve model based on a zero-coupon curve model

FET 22 S i AR AR ) A i A SR

e Semi-parametric curve fitting to handle the irregular data flow

AL FRAS T it i = 2 i th 2

* Kalman filtering for real-time adjustment with partial information
FIF B A5 B AT S R R R 2 98

¢ Robust statistics to eliminate errors and fake trades

P BREE IR AN R B 5 W T S SE it vk
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This complete suite is:

ARG LU A R AL

Real-time: permanently in line with the latest evolutions of the market.
SERF: IR ST R RS DR — 3

Comprehensive: covers all liquid fixed income markets — T-bonds, CDB,
EIBC & ADBC bonds, interest rate swaps (IRS: fixed-rate vs. SHIBOR3M and
FROO7).

A WET AR R e WS T —E G B R R AT
FIZHH ([E5E 5 vs. SHIBOR3M UL A [ 52 i vs. FR007)

Exhaustive and accurate: provides a precise quote estimate of every single
fixed income security in its coverage, updated in real-time to account for the
latest quotes and transactions.

TRRUT AR : AR SCR SR AN RS (5 8, o 3 i v BT P s — b [ 52
WS B 7 B R HE IR AN A T

Smart: detects market anomalies and provides trading signals to take
advantage of them.

Bee: KA E LRI S E S

Safe: provides risk characteristics (duration and convexity) of each security —
bond or IRS —and proposes hedge ratios to keep yield curve risks under control.

Ta. AT (BURMAIREED FRERE AN
FFAR AR b L 22 L2 AL 7 2 il 42 UG

SuperCurve® is an ever-evolving system, designed and supported by a team of highly
trained programmers, statisticians, mathematicians, and experienced market
professionals. Market innovations, data availability, new products, are continuously
monitored and incorporated into this state-of-the-art system.

SuperCurve®s2 — MRFEE TR I EDE W e EAL T R G, LR T 51 LE
iy GittE o BEEFE RO NG ST B R4EY, R A R T 61
B AEEEA AL FEATH TR -
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